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Abstract
The automobile industry is at its maximum growth since few years because of revolutionary changes in Information Technology and greater living standards 
created by the citizens of India. The booming market obviously puts a lot of pressure on the available stagnant resources like crude oil, natural gas, fossil fuels 
etc. The supply and demand are crossing the breakeven point and the situation can be worsened if an alternative doesn’t replace the existing crisis. The Electric 
Vehicle (EV) is one of the alternative solutions to overcome the crises. But EV market is at a nascent stage in India when compared with other developed and 
emerging countries. There are many factors which affect the growth of electric vehicle market in India. The present paper discusses most critical factors for the 
promotion and development of EV market in India with the help of an Interpretive Structural Model (ISM).
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1. Introduction 
In the last decade, India has been rapidly ascending on the 
motorization curve. As a result, both, urban traffic 
congestion and the air quality worsen in the all major 
metropolitan cities and town. In terms of CO2 emission in 
India, the transport sector contributed around 18%. In India, 
the dominant vehicle technology is fossil fuel based. The 
supply and demand are crossing the breakeven point and the 
situation can be worsened if an alternative doesn’t replace 
the existing crisis. Because about 70% of petroleum 
consumption is imported as a result India is increasingly 
becoming dependent on other countries to run their economy 
which can directly or indirectly hamper the progress of the 
country [1]. Indian government is trying to advanced the 
alternative fuel based vehicle technology. The Electric 
Vehicle (EV) is one of the alternative solutions to overcome 
the crises. There is a need to evaluate all kinds of socio 
economic and environmental factors which can affect the 
implementation of the new vehicle technology. A proper 
debriefing and analysis should be carried out. Through 
survey report, it is found that EV market is at a nascent stage 
in India when compared with other developed and emerging 
countries [2]. There are many factors/barriers which affect 
the growth of electric vehicle market in India [2,3,4,5]. To 
fill the research gap, the objective of the present paper is to 
identify the barriers for development of electric vehicles 
market in India, to classify these barriers based on their 
dependence and driving power. To develop an Interpretive 
Structural Model (ISM) based on these barriers. ISM is one 
of the standard approaches for prioritizing the barriers based 
on a defined problem. The barriers should be resolved 
accordingly for development of electric vehicle market in 
India. The important barriers which were found on repeated 
analysis and observations are discussed below.
1.1 Battery Technology
An Electric vehicle as we know is operated on a battery 
which needs to be recharged regularly. Currently a Lithium-
ion battery (Li-ion) is being used globally but it has many 
limitations like range of travel, charging points, battery life 
etc [6]. In India, for example Mahindra Reva which is 
considered to be the first manufacturer of electric vehicles, 
their model REVAi gives a maximum range of 80 km 
(without A.C.) and at a top speed of 80 km/hr in one 
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of Assembly Technology and Factory Management/Technische Universität Berlin.
41 A.K. Digalwar and Ganneri Giridhar /  Procedia CIRP  26 ( 2015 )  40 – 45 
charge[7]. The drawbacks are that the model is a two-seater 
and moreover if a customer wants to travel for more than 80 
km it is not at all possible without charging on the way. 
There are many other foreign companies who promised 
release of their models which are more efficient than Reva 
but haven’t been surfaced yet [1]. To travel long distances 
then definitely need to recharge the vehicle on the way. For 
fuel cars refuel stations along the roads are available, a 
similar concept can be developed for charging electric 
vehicles too. A battery exchange station was suggested by 
some private companies where the discharged battery is 
replaced by a charged one with the help of an automated 
mechanism. Another alternative could be to install charge 
points especially in parking lots so that whenever the vehicle 
is parked the battery can be recharged. The fast charging 
infrastructure is experiencing a lot of discrimination on 
depleted profits  as discussed for the case of Germany [6]. A 
similar situation exists in other parts of the world.
Another main problem with the battery is its disposal. It is 
a global problem and research is underway to find a safe 
method for disposal of the batteries.
1.2 Supplier Management
The distrust among the people will be clearly reflected on 
the electric vehicles sales in India. When there are no sales, 
suppliers will also become fewer or in fact it will be difficult 
to find a supplier in cities too. The suppliers should get some 
motivation from the government as compare to fuel vehicle 
sales in order to promote electric vehicles sales[1,8].
1.3 Customer Service
Introducing the electric vehicle concept in the market isn’t 
enough but to hold it and accelerate the growth is the vital 
aspect. Service stations just like for any other fuel car should 
be setup for facilitating repairs and service of electric 
vehicles. Authorized service centers can also be opened 
especially for electric vehicles. The main repairs in an 
electric vehicle include that of the battery, electric motor etc. 
The Indian government implemented a rule that one year 
guarantee should be given on the electric battery irrespective 
of the car manufacturer [9].
1.4 Financial Constraints
The financial constraints are one of the major drawbacks 
for the development of electric vehicle industry in India. To 
allocate budget especially for green revolution would be a 
huge task for the Indian government. According to the news 
from one of the leading news paper, the financial budget for 
2012-13 session also looks hostile to the electric vehicle 
industry in India. The basic excise duty has been increased 
from 5% to 6% which will result in a 1% rise in car price and 
also there is an increase in excise on parts from 10% to 12%. 
Lithium batteries have been exempted from customs duty but 
due to increase in countervailing duty charges from 5% to 
6%, it will increase the cost of the batteries too. 
1.5 Awareness on Electric Vehicles
Recently a survey conducted by Economics Times on
whether people would buy green products or not was 
conducted and nearly 75% said they would like to buy them. 
The question was little modified and they were asked if they 
already bought green products in the recent past? It was a 
bizarre as the poll results were just reversed [10]. The poll 
speaks for the entire global community and especially India. 
People have a doubt in their minds whether to buy green 
products or not? This dilemma plays a major role in the 
industry growth. It shows that government has to play a 
major role in creating awareness on any emerging aspect.
1.6 Industry Growth
Ultimately everything should sum up for the growth of 
the electric vehicle industry. As discussed earlier the growth 
till 2011 was bleak and will increase in the near future[1].
Once the rise occurs the idea should not be stagnated and 
should accelerate accordingly. At the same time certain 
standards  should be created as the spark ignites the market 
in order to curb a possible implosion of the market[11,12].
1.7 Research and Development
A constant research and development activity is being 
carried out throughout the world especially for development 
of better electric vehicle batteries. The electric vehicle 
battery is one of the important areas of research as the 
customers are not satisfied with an average electric battery 
performance. The range, the time required for recharging are 
some of the most scrutinized challenges in this area. 
Research is underway for a better battery and one such 
research is on Li-Air battery as mentioned by IBM which can 
give 800 km range without charging the battery[13].The 
challenges discussed here reflect the global scenario. For 
Indian scenario where average distance travelled by a 
passenger car is approximately 35 km per day [12]. The 
primary areas of research in India should be development of 
electrical vehicle batteries domestically. 
42   A.K. Digalwar and Ganneri Giridhar /  Procedia CIRP  26 ( 2015 )  40 – 45 
1.8 Training
Training is a must for all the customers who will use this 
technology. Training should also be given to the employees 
on how to deal with the technology. Any technology should 
be used with great ease and caution in order to prevent 
frequent breakdowns and at the same time the companies 
should train their employees to be ready for any sort of 
problems experienced by the customers. Training should also 
be given to the employees to carry out R&D in a new 
dimension and for a better future[2,5].
1.9 Government Commitment
The government plays an important role in promotion of 
electric vehicle concept in India. First of all we should earn 
the trust of the people that it is okay to buy an electric 
vehicle. The government is the only source or messenger 
which can effectively advertise the concept. The government 
of India is already providing some incentives on purchase of 
electric vehicles etc.
1. The government is already providing exemptions on
Value Added Tax (VAT) in several states like in 
Rajasthan, Delhi and Haryana it is 0%. In states like 
Maharashtra, Madhya Pradesh, Uttar Pradesh, 
Karnataka and Tamil Nadu it is 4% which 
encourages the people. In other states like Kerala it is 
12.5%, Gujarat 14.5%. and all other states have a 
similar situation which does not benefit the 
customers. The government should take certain 
measures to make sure the VAT is at least reduced to 
4 - 5% in all the states of India and should plan to 
make it 0% in the near future [9].
2. The government should create a healthy budget for 
introduction of electric vehicles into the government 
fleet. This not only shows government involvement 
in promotion of electric vehicles but also creates a 
source of trust among people amid limitations of 
present electric vehicles [2].
3. Certain places in India have been found to be 
critically polluted, which have pollution levels way 
above the prescribed norms by the Central Pollution 
Control Board (CPCB) of India. The places which 
are critically polluted in spite of strict norms by the 
government of India, the areas have crossed the 
threshold levels and continue to grow day by day[8].
4. The government should consider the policy structure 
used by the Chinese and Japanese governments to 
implement the electric vehicle concept in India. 
Policies like “EV key project” in 863 program, “Ten 
cities, Thousand vehicles program”, “Three 
Traverses and Three Longitudes”, “Alternative Fuel 
Vehicles Key project”, “Plan on Shaping and 
Revitalizing the Auto Industry” were successfully 
implemented and today China sets a challenge to the 
U.S. and may overtake their electric vehicle 
production in near future.Why China?? China and 
India have many similarities geographically, 
demographically, historically and they went through 
similar developments in economic terms (Hölscher et 
al., 2010). Due to these simple reasons we should 
consider China as a source of light to walk the 
unknown path [3,8].
2. ISM METHODOLOGY
ISM is interpretive as based on group’s judgment and 
decision whether and how the system’s elements are linked. 
It is structural as constructed on the relationship’s foundation 
and final structure is exploited from complex set of system’s 
variables. Many researchers already used ISM approach for 
showing the relationship and hierarchical linked [15, 16, 17, 
and 18]. It is also a modeling as the final relationship is 
illustrated in a directed graphical model. The different steps, 
which are relevant to the development of ISM model are 
stated in the following sub sections.
2.1 Structural Self-Interaction Matrix (SSIM)
The interdependencies between the barriers should be 
found out. We consulted four academicians and conducted a 
brainstorming session to know their opinions. The best fit of 
the four was considered and used in SSIM.
Four alphabets V, A, X and O are used generally for 
denoting the relationships between all the barriers. The SSIM 
for all the interdependencies is as shown in Table 1.
Table 1Structural Self-Interaction Matrix (SSIM)
S N BARRIERS
Barriers
2 3 4 5 6 7 8 9
1 Awareness V V V V V V V V
2 Government Commitment V V V O V V V
3 Supplier Management O O O O V O
4 Customer Service O O A V O
5 Financial Constraints V V V V
6 R&D V V O
7 Battery Technology V A
8 Industry Growth A
9 Training
Where, for any two barriers i and j
V = Barrier i will help achieve j
A = Barrier j will be achieved by i 
X = Barriers i and j will help achieve each other
O = Barriers i and j are unrelated.
2.2 Initial Reachability Matrix
The SSIM has been converted into a binary matrix, called 
the Initial reachability matrix by substituting V, A, X and O 
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by 1 and 0 as per the case. The substitution of 1’s and 0’s are 
done as shown below: 
x If the (i, j)th entry in the SSIM is V, the (i, j)th entry in 
the reachability matrix becomes 1 and the (j, i)th entry 
becomes 0. 
x If the (i, j)th entry in the SSIM is A, the (i, j)th entry in 
the reachability matrix becomes 0 and the (j, i)th entry 
becomes 1. 
x If the (i, j)th entry in the SSIM is X, the (i, j)th entry in 
the reachability matrix becomes 1 and the (j, i)th entry 
also becomes 1. 
x If the (i, j)th entry in the SSIM is O, the (i, j)th entry in 
the reachability matrix becomes 0 and the (j, i)th entry 
also becomes 0. 
The Initial reachability matrix is as shown in Table 2.
2.3 Final Reachability Matrix
For the final reachability matrix [aij] 9×9 we calculate the
driving power and dependence for each of the barriers from 
the initial reachibility matrix as shown in Table 3. For a 
particular barrier, the driving power is the total number of 
barriers (including itself) which it may help achieve. The 
dependence is the total number of barriers which may help 
achieving it. 
Example: For Barrier 1, 
Driving power = 
9
1j
j = 1
a¦
(1)
Dependence = 
9
i1
i = 1
a¦
(2)
Table 2 Initial Reachability Matrix
S N BARRIERS
Barriers
1 2 3 4 5 6 7 8 9
1 Awareness 1 1 1 1 1 1 1 1 1
2 Government Commitment 0 1 1 1 1 0 1 1 1
3 Supplier Management 0 0 1 0 0 0 0 1 0
4 Customer Service 0 0 0 1 0 0 0 1 0
5 Financial Constraints 0 0 0 0 1 1 1 1 1
6 R&D 0 0 0 0 0 1 1 1 0
7 Battery Technology 0 0 0 1 0 0 1 1 0
8 Industry Growth 0 0 0 0 0 0 0 1 0
9 Training 0 0 0 0 0 0 1 1 1
Table 3 Final Reachability Matrix
S N BARRIERS
Barriers Driving 
Power1 2 3 4 5 6 7 8 9
1 Awareness 1 1 1 1 1 1 1 1 1 9
2 Government Commitment 0 1 1 1 1 0 1 1 1 7
3 Supplier Management 0 0 1 0 0 0 0 1 0 2
4 Customer Service 0 0 0 1 0 0 0 1 0 2
5 Financial Constraints 0 0 0 0 1 1 1 1 1 5
6 R&D 0 0 0 0 0 1 1 1 0 3
7 Battery Technology 0 0 0 1 0 0 1 1 0 3
8 Industry Growth 0 0 0 0 0 0 0 1 0 1
9 Training 0 0 0 0 0 0 1 1 1 3
Dependence 1 2 3 4 3 3 6 9 4
2.4 Level Identification
From the final reachability set, the reachability and 
antecedent sets for each barrier are found. The reachability 
set consists of element itself and other elements, which it 
may help achieve, whereas the antecedent set consists of the 
element itself and other elements, which may help achieving 
it. The intersection of these two sets is named as intersection 
set for each barrier as shown in Table 4. The top level barrier 
of the table will not help achieve any other element above 
their own level. Once the top-level element is found, it is 
separated out from the other elements. Then, the same 
method is used to determine next level barrier. The process is 
repeated till the level of each barrier is determined. The 
levels are used to construct the ISM model for electric 
vehicles market in India. 
2.5 ISM Modeling
By using the final reachability matrix, the final graphical 
model is constructed as shown in Figure 1. 
Supplier 
Management
R & D Training
Government Commitment
Awareness
Customer Service
Industry Growth
Battery Technology
Financial Constraints
Fig. 1 ISM Model
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The barrier “Industry growth” lies at the top of the model as 
it cannot help achieve any other barrier. At the second level 
we have the barriers “Supplier Management and “Customer 
Service” which can help achieve the top barrier with the help 
of other barriers. The results also show that these two 
barriers indeed help each other to achieve the top barrier. On 
third iteration we got “Battery Technology” barrier as our top 
barrier which can be achieved with the help of barriers like 
“R&D” and “Training”. Research and training activities can 
only be achieved when the financial constraints are dealt. 
The finance should come from the government. The 
awareness among people can put some pressure on the 
government to allocate some budget for R&D and training 
activities.
2.6 MICMAC Analysis
MICMAC analysis is used to determine the driving power 
and dependency of all the barriers (Mittal and Sangwan, 
2011). The driver - dependency diagram is divided into four 
quadrants and on x-axis we have dependency and on y-axis 
we have driving power. All the barriers are plotted on this 
diagram based on their driving power and dependency, the 
plot is as shown in Figure 2. 
Table 4 Level Identification (Iterations 1-7)
Iteration Barrier Reachability Set
Antecedent
Set
Intersection 
Set
Level
7 1 1,2,3,4,5,6,7,8,9 1 1 VII
6 2 2,3,4,5,7,8,9 1,2 2 VI
2 3 3,8 1,2,3 3 II
2 4 4,8 1,2,4,7 4 II
5 5 5,6,7,8,9 1,2,5 5 V
4 6 6,7,8 1,5,6 6 IV
3 7 4,7,8 1,2,5,6,7,9 7 III
1 8 8 1,2,3,4,5,6,7,8,9 8 I
4 9 7,8,9 1,2,5,9 9 IV
x Quadrant I contains barriers with weak (0 to 4) 
driving power and dependency. These barriers are 
often not related to the other barriers and have only 
a few links, which may be strong. They are also 
known as Autonomous barriers
x Quadrant II contains barriers with strong (5 to 9) 
dependency and weak (0 to 4) driving power. They 
are also known as Dependent barriers.
x Quadrant III contains no barriers.
x Quadrant IV contains barriers with weak (0 to 4) 
dependency and strong (5 to 9) driving power. They 
are often referred as Independent barriers. They 
have a strong driving power and are less dependent 
on others.
We should be able to distinguish which barriers should 
be dealt initially. It is recommended to deal with the 
barriers which belong to quadrant IV at the beginning 
and those which belong to quadrant II in the end as their 
dependency is strong. Battery technology development 
and Industry growth can be analyzed once the market is 
off to a great start. The main motive behind this 
modeling is to create helping hand from India to reduce 
the global pollution. We as human race will always hope 
for a better tomorrow.
9 1
8 IV III
7 2
6
5 5
4
3 I 6 9 7 II
2 3 4
1 8
1 2 3 4 5 6 7 8 9
Figure 2: Driver - dependence diagram
3. Conclusion 
Using ISM approach, the present work is able to distinguish 
and prioritize the barriers according to their driving power 
and dependencies. Along with commitment from the 
government it is necessary to create awareness among the 
citizens of India. The financial constraints should also be 
solved accordingly to initialize the market sales. 
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